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ABSTRACT

In this 21st century, workplace environment is changing rapidly, and technical
competences as well as other potentials are constantly being redefined and the
future of a technological society is shaped by the actions of engineers. Industries
operating in this dynamic and fast changing environment have demonstrated
readiness to change their practices and organizational structure as a response to
technological changes. On the contrary, educational institutes are slow in
embracing change, both in curricula and in methods of delivery of education. The
survival in this knowledge based society, depends upon adaptability. The key to
adaptability is continued improvement in education compatible to that of the
technology, and institutions have to continuously prove their image on a continual

basis.

Engineering Education in India is driven towards commercialization leading to
mushrooming of colleges, and stiff competition. However, in most of the cases the
direction, relevance, and quality of engineering education have been questioned.
Engineering colleges affiliated to universities have to work with many
uncontrollable parameters like quality of input, and engineering curriculum. Also,
external threats from suppliers like NIIT, APTECH, ISCT, etc., who have a
professional outlook and customer orientation, add to the industry pool especially
in the information technology area. Considering the dynamic external environment,
rigid working system, stiff competition, decline of funds, reduction in the intake
seats not being filled, and demand for accountability from stakeholders and
customers, perspective of quality has crept in, and the need for a quality system is
felt.

Taking the cue of a decade of TQM implementation in educational institutions
elsewhere, their success and their problems encountered by them, it is required to
assess the need, portability and means for institutionalizing TQM in Engineering
Education in India. There is a lack of a well-defined focus and an appropriate

roadmap for institutionalization of TQM process.



The thesis aims to assess and address the need for quality perspective in
Engineering Education in India. It identifies the factors that aided in TQM

institutionalization in industry and relates them to academia for easier portability.

Total Engineering Education Quality Management (TEEQM), a methodology to
adapt and institutionalize TQM in education is evolved. It presents a
comprehensive methodology for implementation of TQM in three stages namely
pre-strategic analysis, strategic analysis and post-strategic analysis:
e Pre-strategic analysis commences with the gap analysis and ends up in
formulating a strategic plan.
o Strategic analysis aims at developing future scenario’s with alternative
strategies and
e Post-strategic analysis develops an operational micro-level framework for
assessment of TMC and implementation and evaluation of Continuous

improvement, Customer satisfaction and employee participation.

The unique aspects of the thesis include development of modus operandi for
making the institutionalization of the TQM/CI process. The operational framework
for the implementation of TQM in the system is arrived at, by the development of
constructs at different levels, to set up the TQM/Continuous Improvement. A
System dynamics model is developed and various scenarios of an organization for
different policy plans are discussed. The scenarios with different policy plans, and
the constructs developed, will aid in systematizing and standardizing the
framework for TQM implementation. The framework developed is made as generic
as possible. Various indicators and constructs are designed to enable the institution

to self-assess the status of quality and/ or their program.

The methodologies adopted were, extensive literature survey and content analysis,
personal interviews, Delphi study assessing the scope of TQM application in India,
Structured questionnaire to perceive the preparedness for TQM implementation,
Ishikawa method to develop cause-effect relations, and System Dynamics method
for scenario generation. Developing constructs, that facilitate institutionalization of
the TQM process through standardized procedures in important areas like Top
Management Commitment, Continuous Improvement, Self improvement, Total

employee and student participation, etc.



Various important results include 1) Strategic plan for effective implementation of
TQM, detailing the activities at Strategic level, Tactical level, and Operational
level. i) Gap analysis to assess the environment in the organization. iii)
Development of a system dynamics model and undertaking dynamic analysis using
a simulation package called “STELLA”. iv) Development of constructs for various
tenets of TQM. v) Various scenarios’ of the institution, with the different

operational constructs.

Key words: Total Quality Management, Continuous Improvement, Top
management commitment, Self-improvement, Engineering Education, Factor
analysis, TEEQM, Learning Organization, System Dynamics, Strategic Plan,

Growth scenarios, Policy plans, Constructs.



CONTENTS

CERTIFICATE

Acknowledgement

Abstract

Contents

List of Figures and Tables

CHAPTER - I: INTRODUCTION

1.1

1.2
1.3
1.4
1.5
1.6

1.7
1.8
1.9
1.10

Industrial requirements of an engineer

Education from the system’s perspective.

Quality Engineering Education

Growth scenario of engineering education in India
Status within the Engineering Colleges

Dimensions of the problems associated with the
university affiliated engineering colleges

Need for Total Quality Management
Objectives of the thesis
Scope of the thesis

Summary and organization of the thesis

CHAPTER - Il : Literature Review

2.1
2.2
23

24
2.5

Need for Quality in Engineering Education
Review of Methodological studies
Observations from the Literature Review
2.3.1  Utility of System Dynamics Method
Problem Formulation

Methodology

Chapter —lll : 1SO9000 In Indian Industries

3.1

Scenario of ISO Certification

3.2 The Discussions and interviews with the experts.

3.3 The Delphi Method: A brief introduction

i - viii

19-44
19

33
39
41
42
43
45-70
45
49
51



3.4 Delphi study

3.4.1 Overall preview of the Industries and the Panelists

of study
3.5 First round Questionnaire
3.5.1 Analysis of Responses to first round questionnaire.
3.5.2 Reasons for companies to go for ISO certifications
3.5.3 Difficulties in implementation of ISO9000

3.6 Second Round Questionnaire

3.6.1 Analysis of Responses of Second round
questionnaire
3.6.1.1 Reasons for the companies to go for
ISO9000 certification.
3.6.1.2. Implementation difficulties of ISO
certification.

3.7 Factor analysis of the Delphi results
3.8 Conclusions
Chapter — IV: TQM in Indian Industries — A Delphi study
4.1 Introduction
4.2 The Development of Quality Management

4.2.1 A Brief History of Industrial Total Quality
Management

4.2.2 Perception of TQM: Theory and Practice

4.3 Status of TQM in Industries
4.3.1 Statistics of successful implementation of TQM
4.3.2 Statistics of failures of TQM implementation

4.3.3 Summary of the Literature Survey on the Reasons
for failure of TQM

4.4 Summary of the Experts’ Opinions

4.5 The Delphi Study
4.5.1 Overall view of the First Round questionnaire
4.5.2 Data collection

4.6 Analysis of responses
4.6.1 Analysis of first round responses

4.6.1.1 Visibility of Customer Orientation

52
52

53
53
57

58
58

64

66
67
71-112
71
73
73

74
75
76
76
77

77
81
82
82
83
83
85



4.6.1.2
4.6.1.3

4.6.1.4

4.6.1.5

4.6.1.6

4.6.1.7

Dissemination of Quality policy

Reasons for the companies to apply
TOM

Cultural transformations needed for a
company to implement TQM effectively

Perceived hurdles in the implementation
of TQM.

Principle reasons for disappointment of
TQM

Strategies for effective implementation
of TQM

4.6.1.8 Principal indicators of TQM successes
4.7 Second Round Questionnaire
4.7.1 Analysis of Responses to the Second round
questionnaire
4.7.1.1 Reasons for companies to adopt TQM

4.8
4.9

4.10

4.11

4.7.1.2

4.7.1.3

4.7.1.4

4.7.1.5
4.7.1.6

Cultural transformations needed for a
company to implement TQM effectively

Perceived hurdles in the implementation
of TQM

Principal reasons for disappointment of
TQM:

Principal indicators of TQM successes

Strategies for effective implementation
of TQM

Specific Aspects of the Indian Industries

Inferences of the Study
4.9.1 Force field Analysis

Strategic plan for effective implementation of TQM
4.10.1 Strategic Level

4.10.2 Tactical Level

4.10.3 Operational Level

Conclusions

86

87

87

88

88

&9
&9
90

90
90

91

93

94
97

99

100
102
105
105
107
108
109



CHAPTER - V: Feasibility Aspect of Application of TQM in
Engineering Education in India - A Questionnaire Survey

5.1 Introduction
5.2 Perceptions of TQM concepts in education

5.2.1 Current Status of TQM in Indian Engineering
Colleges

5.2.2 Customer And Stakeholder Focus
5.3 Skills Requirement of Graduates
53.1 Inferences of the skill analysis
5.4 Studies on Continuous Improvement
5.5 Study on teaching as a Profession
5.6 Education Quality Indicators

5.7 Factors that facilitate and hinder the implementation of
TQM in education

5.8 Institutional aspects of Total Engineering Education
Quality Management (TEEQM).

5.8.1 Problems of Institutions
5.8.2 Some of the Cautions
5.9 Conclusions

5.10 Total Engineering Education Quality Management — A case

CHAPTER - VI :TQM Initiation — A Gap Analysis: A Case
Study of an Engineering College

6.1 Basis of selection of the college for the case
6.2 Designing a student survey
6.2.1 Panel Members for questionnaire design
6.3 Summary of the Student Feedback
6.3.1 Analysis on the homogeneity of the sample.
6.3.2 Analysis students responses.
6.4 Factor Analysis of student responses:
6.5 Analysis of Faculty Feedback:

6.6 Analysis of Non-teaching and Administrative Staff
Feedback:

113-154

113
116

116

119
125
127
133
135
139
143

145

145
148
148
153

155-202

155
157
158
158
159
160
166
170
177



6.7
6.8
6.9

CHAPTER - VII

6.6.1

Factor Analysis of Non-teaching and
Administrative feedback Responses:

Cause-Effect relations

Conclusions

Strategic Planning

6.9.1
6.9.2:

Need for SP in education

Methodology of Implementation

Dynamic analysis of Quality of Engineering

Education: System Dynamics Approach

7.1

7.2

7.3

7.4

7.5
7.6

Introduction to system dynamics and its use in educational

system behaviour

Model Description

7.2.1

Loop and qualitative analysis

Description of the flow diagram and its parameters.

7.3.1
7.3.2
7.3.3
7.3.4

7.3.5
7.3.6
7.3.7
7.3.8
7.3.9
7.3.10

Input quality (IQ)
Service Quality (SQ)
Outgoing quality (OQ)

Laboratory, Library and Infrastructure quality

(LIQ)
Self improvement (SIMP)

Modeling of Continuous Improvement.
Faculty Quality (FQ)

Student Satisfaction Level(SSL)
Employers satisfaction (ES)

Other Auxiliary variables

Model Simulation

7.4.1
7.4.2

Behaviour due to interacting factors with varying TMC

Base Run
Policy Alternatives
7.4.2.1 Impact on the input quality.

7.4.2.2 TImpact on other parameters

Concluding Remarks

180

185
187
188

188
188

203-244

203

206
209
213
216
216
217
218

218
219
219
221
222
222
223
224
228
229
231
238
243



CHAPTER - VIl
Framework for TQM In Engineering Education

8.1 Overview of different facets of TQM
8.2 Top Management Commitment Assessment
8.2.1 Proforma for TMC Assessment in the organization
8.3 Roles of quality Steering Committee(SC).
8.4 Constructs for Continuous Improvement

8.4.1  Some of the important steps for initiation of
Continuous Improvement process

8.5 Customer Perception

8.6 Summary

CHAPTER - IX : Summary And Conclusions
9.1 Literature review conclusions
9.2 ISO and TQM study in Industry
9.3 Feasibility of TQM in education in India
9.4 Limitations of the Study
9.5 Scope of Future Work

REFERENCES
APPENDIX- I
APPENDIX-II

ISO9000 in Indian Industries
APPENDIX-III

APPENDIX-IV (List of Table functions in System Dynamics
Model

About the Author

Publications

245-270

245
245
247
249
250
253

261
269

271-280
272
272
273
278
279

281-302
303-304
305-308

309
310-314



Figure No.

Figure 1.1
Figure 1.1a
Figure 1.1b
Figure 1.2
Fig 1.3a
Figure 1.3b

Figurel .4
Figure 1.5

Figure 1.6
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 4.1
Figure 4.2
Figure 4.3
Figure. 4.4
Figure 4.5

Figure 5.1
Figure 5.2
Figure 5.3

Figure 5.4
Figure 5.5
Figure 6.1
Figure 6.2

Figure 6.3

LIST OF ALL FIGURES IN THE THESIS
Title of Figure
Educational Traits
Workplace Know-how competencies
Foundation of Skills & Personal qualities
System’s Perspective of Technical Education
Zonal distribution of engineering colleges in India

Zonal distribution of Intake of Engineering Graduates in
India

Average growth per year in Intake for the various
periods

Present State of Engineering Colleges Affiliated To
Universities

Supply Chain of Education System
Growth of ISO certifications world over.
Key benefits of ISO Certification
Customers Requirement

Management ’s Requirement
Hierarchical impacts of certification
Shift in focus of an Organization
Perceptions of TQM philosophy
Common reasons for failure of TQM
Internal customer-supplier relationship

Force field analysis of TQM Drivers and Restraints —
Indian case

Need for Quality in engineering education institutions
Broader vision of quality

Difference in importance of graduate skills in industry
and college

Various essential skill dimensions
Framework for TEEQM
Vacancy of the seats in the college

Final Scree plot to determine the number of factors to
be extracted, for student feedback

Scree plot for extraction of factors of Non-teaching
feedback analysis

Page No

N 9 AW

11

13
46
48
65
65
69
73
75
79
104
106

114
121
129

132
149
164
166

182



Figure No.

Figure 6.3.1

Figure 6.3.2a
Figure 6.3.2b
Figure 6.3.2¢
Figure 6.3.2d
Figure 6.3.2¢

Figure 7.1

Figure 7.2
Figure 7.3
Figure 7.4
Figure 7.5
Figure 7.6
Figure 7.7
Figure 7.8
Figure 7.9

Figure 7.10

Figure 7.11
Figure 7.12

Figure 7.13
Figure 7.14

Figure 7.15
Figure 7.16

Figure 7.17
Figure 7.18
Figure 7.19
Figure 7.20
Figure 7.21
Figure 7.22

Title of Figure

Stakeholders of the institute with their needs and
Expectations

Teaching Pedagogy details
Particulars of Infrastructural facilities
Particulars of Student Services
Particulars of Faculty Development

Particulars of Societal Services, Quality Assurance and
Total Planning

Scientific inquiry in System dynamics (Modified
Andersen and Richardson, 1980)

Causal Loop diagram of the education system
Supply Chain of Education System

Loop 1 of the causal loop diagram of figure 7.2
Qualitative behaviour of Loop 1 of figure 7.4
Loop 2 of the causal loop diagram of figure 7.2
Loop 3 of the causal loop diagram of figure 7.2
Qualitative behaviour of Loop 2 of figure 7.6

Integrated flow diagram of dynamic educational system
model.

Behaviour of SSL,SQ, OQ and IQ with time at TMC
of 0.1

Behaviour of FQ, LIQ with time for TMC=0.1

Impact of Service Quality on SSL, OQ and IQ at
TMC=0.1

Contours of SSL with Service quality and Time at
TMC=0.1

Output quality contours with respect to SQ and time.
(TMC=0.1)

Impact of TMC on Input Quality

Behaviour of SSL,SQ, OQ and IQ with time at TMC
of 0.9

Behaviour of FQ and LIQ with time, for TMC of 0.9
Impact of TMC on Outgoing Quality

Impact of TMC on Service quality

Impact of TMC of Student Satisfaction Level

Impact of TMC of Faculty quality

Impact of TMC of Laboratory & Infrastructure quality

Page No
196

197
198
199

201
205

207
208
209
210
210
211
211
212

225

225
226

227
228

229
230

230
232
232
233
233
234



Figure No.
Figure 7.23
Figure 7.24
Figure7.25
Figure 7. 26
Figure 7.27
Figure 7.28
Figure7.29
Figure 7.30

Figure 7.31
Figure 7.32
Figure 7.33
Figure 7.34

Figure 7.35

Title of Figure
Impact of TMC of Employers satisfaction
Impact of TMC on Willingness to Donate
Impact of TMC of Willingness to pay
Impact of TMC on Institutional Financial Status
Impact of TMC of Self Improvement
Impact of TMC of Continuous Improvement
Impact of TMC on placement of graduates

Impact of Service Quality on SSL, OQ and IQ at
TMC=0.5

Contours of SSL with Service quality and Time for
TMC=0.5

Impact of Service Quality on SSL, OQ and IQ at
T™™C=0.9

Contours of SSL with Service quality and Time for
TMC of 0.9

Output quality contours with respect to SQ and time.

(TMC=0.9)

Input quality contours with respect to LIQ and time.
(TMC=0.9)

Page No
234
235
235
236
236
237
237
239

239
240
240
242

242



Table No.
Table 1.1

Table 1.2

Table 3.1
Table 3.2

Table 3.3
Table 3.4
Table 3.5
Table 3.6

Table 3.7

Table 3.8

Table 3.9

Table 3.10

Table 4.1

Table 4.2
Table 4.3

Table 4.4
Table 4.5
Table 4.6
Table 4.7

LIST OF TABLES

Description of the Table

Zonal distribution of Engineering colleges and the intake
into the colleges

Average growth per year in intake for the various
periods

Growth of ISO9000 Certifications World Wide

Number of Certificates withdrawn for a variety of
reasons.

Statistical Information of the companies surveyed
Statistical information of the panelists of the study
Compilation of first round questionnaire.

Responses to Second Round Questionnaire (Percentage
of Panelists)

Comparison of First and Second round of Delphi study

Results of Second Round Compiling of open ended
questions on Reasons for going for ISO certification as
per their ranking.

Results of Second Round Compiling of open ended
questions on difficulties in the implementation of ISO
9000, in the order of their importance

Comprehensive Factor Analysis of ISO9000 survey of
Industries.

Responses of Panelists for the first round questionnaire
and their statistical analysis.

Reasons for the companies to apply TQM

Cultural transformations needed for a company to

implement TQM effectively

Perceived hurdles in the implementation of TQM.
Principle reasons for disappointment of TQM
Principal indicators of TQM successes.

Strategies for effective implementation of TQM

Page No

46
49

54
55
55-56
60

62

63

64

68

84-85

91
92

94
95
97
98



Table No.
Table 5.1a
Table No.
Table 5.1b
Table 5.1c
Table 5.2
Table 5.3
Table 5.4

Table 5.5
Table 5.6

Table 5.7

Table 5.8

Table 5.9
Table 5.10
Table 5.11

Table 5.12

Table 5.13

Table 6.1
Table 6.2
Table 6.3

Table 6.4

Table 6.5

Table 6.6

Description of the Table

Experiences of Panelists

Description of the Table

Distribution of Panelists

Experience of the panelists in years
Perceptions of TQM concepts in colleges
Different perceptions of customer

Customers and Stakeholders of an educational institute in
the order of their importance.

Ranking of Customer

Student Skills as emphasized in the college versus that is
needed in Industry

Skill level variation between the industry expectation and
that offered by the College

Paired-t-Test of the skills emphasized in the industry and
the college

Continuous Improvement In Engineering Education
Reasons For Taking Up Teaching As A Profession

Reasons for top graduates not taking up teaching as a
profession

Panelists opinions on quality indicators in education,
with their comments

Panelists Views on factors that facilitate and hinder the
TQM implementation in India

Student classification
Departmental classification

Similar perceptions of the sixth and eighth semester
students, forming a homogeneous sample of the college.

Statistical Analysis of the Resources and the Services at
the resources points of each parameter selected for study

Statistical Analysis of the Resources and the Services at
the resources points of overall parameters selected for
study

Dedication and Attitude of the working personnel

Page No
115
Page No
115
115
117-118
120
124

125
130

131

132

134
136
137

141

144

159
159
161

162

163

164



Table No.
Table 6.7

Table 6.8
Table No.
Table 6.9

Table 6.10
Table 6.11

Table 6.12

Table 6.13

Table 6.14

Table 6.15

Table 6.16
Table 6.17

Table 6.18

Table 6.19

Table 6.20

Table 6. 21a
Table 6. 21b
Table 6. 21c
Table 6. 21d
Table 6. 21e

Table 6.22

Description of the Table

Perspective of the college environment, the present and
future.

Comprehensive Analysis of Student Feedback
Description of the Table

Regression analysis of Factors and their components of
the student feedback.

Particulars of the teaching staff respondents

Statistically similar responses from both the staff and
students

Perspective of the college environment, the present and
future as perceived by the staff..

Particulars of the respondents in the non-teaching
category

Non Teaching and Academic Staff feedback on
environment in college.

Non Teaching & Administrative Feedback on factors that
Motivate/Inhibit working

Comprehensive analysis of the Non-teaching staff

Regression analysis of Factors and their components for
Non-teaching category

Staff Perception of Positive aspects of the College in the
order of their importance by both the Teaching faculty
and Non-teaching/Administrative staff.

Perception of Negative aspects of the College in the
order of their importance by both the Teaching faculty
and Non-teaching/Administrative staff

Feedback on the essential requirements immediately
needed for college development by Teaching and Non-
teaching/ Administrative staff

SWOT Analysis of the college
SWOT Analysis of the college
SWOT Analysis of the college
SWOT Analysis of the college
SWOT Analysis of the college

Thrust areas, Goals & Objectives in Strategic planning

Vi

Page No
165

167-168
Page No
169

170
173

175-176

178

179

180

181
182

183

184

185

189
191
192
193
193
195



Table No.
Table 7.1
Table 7.2
Table 7.3
Table No.
Table 8.1
Table 8.2

Table 8.3
Table 8.4

Table 8.5

Table 8.6

Table 8.7

Table 8.8
Table 8.9
Table 8.10
Table 8.11

Description of the Table

Level and Rate Variables

List of all the table functions used in the model.
Nomenclature of Constants, Ratios and others in model
Description of the Table

Top Management Commitment Assessment

Design of Continuous Improvement (Normalised
component of Continuous Improvement)

Design of Normalised Self Improvement (NSIMP)

Proforma for operationalization of Knowledge Sharing
Teams(KST’s)

Proforma to sustain the momentum and efficacy of the
Quality Circles (Service Improvement)

Design of Normalised Laboratory, Library and
Infrastructure Quality (NLIQ)

Design of Normalised component of Design for Service
Quality

Student Service Improvement proforma

Factors Placement and Personality development attribute

Role of Training and Placement Section

Internal Customer satisfaction measurement

Vii

Page No
213
214
215
Page No
247
255

257
258

259

260

264

265
266
267
268



viii



CHAPTER - I

INTRODUCTION

Globalisation of economies has exposed the industries to a world of formidable
market competitors with inconceivable new standards of designs, production cycles,
and quality. This relentless competition has resulted in rapid growth, both in speed
and breadth of technology at an unprecedented rate, almost on an exponential scale.
In this revolutionary world of scientific explosions, technology along with quality
has become one of the most important factors to gain the competitive advantage.

There was also a shift from Producers market to Consumers market. Consumers are
both quality and cost conscious, and their tastes are changing very frequently.
Industries need to adapt to the demands of customers with shorter deadlines to meet
their requirements. Industries are thus severely constrained by budgetary and time
factors. Only those industries that can cope with this pressure have a competitive
edge in the market.

Hence, in this 21st century, workplace environment is changing rapidly, and
technical competences as well as other potentials are constantly being redefined.
Education needs to cope up with the changing requirements to generate productive
manpower capable of meeting the challenges of these demanding times. Future of a
technological society is shaped by the actions of engineers. A study by the
Organization for Economic Cooperation and Development (OECD) concluded by
that, by the year 2000, workers will have to change their jobs situations every eight
years [Bauer,1992]. And Tribus(undated) emphasized that, the theme for coming
generations of engineering educators ought to be “continuous education for
continuous adaptability”.

The survival in this competitive society depends upon adaptability. The key to
adaptability is continued improvement in education compatible to that of the
technology. The demands of a changing society are creating bigger challenges for
institutions of engineering education than ever before, while also making them face
severe problems. They are expected to raise the level of knowledge of both the
individuals and societies. Therefore an institution needs to engage in an active, on-
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